Background: Management of displaced proximal humeral fractures is subject of ongoing debate. Objectives: We aimed to review our results of operative treatment of proximal humeral fractures compared to age-, sex, and fracture-type controlled conservative treatment. We hypothesized that there is no significant difference in upper-extremity specific disability between patients treated with operative fixation and patients treated nonoperatively after displaced proximal humeral fracture. Our secondary null hypotheses were that there were no differences in pain intensity, satisfaction and physical function. Methods: Thirty-three patients treated with operative fixation were enrolled and randomly matched with 33 patients treated nonoperatively according to age (within 5 years), sex, ASA-score, Neer fracture type and mechanism of injury. The patients were evaluated using the disabilities of the arm, shoulder and hand (DASH) scale, the constant score, short form (SF)-36 health survey, CESD, the pain catastrophizing scale (PCS) and pain intensity and satisfaction questionnaires. Results: At follow-up, the nonoperatively treated patients had better functional outcomes than the operatively treated patients. Nonoperatively treated patients also scored better on pain intensity and satisfaction. There were no significant differences in CESD, PCS, and SF-36 physical-and mental health summary scores between cohorts.
Background
Management of displaced proximal humeral fractures is subject of ongoing debate (1) (2) (3) (4) . The PROFHER randomized clinical trial recently showed no superiority of surgical over non-surgical treatment of adults with displaced fractures of the proximal humerus (4) . Previous studies showed that the treatment of proximal humeral fractures largely depends on patient characteristics and surgeon's preferences and is not necessarily associated with fracture classification (5) . For similar Neer types of 2-, 3-and 4-part fractures there are Level II and III studies supporting nonoperative treatment, open reduction and internal fixation using various techniques, and arthroplasty (6) (7) (8) (9) .
Data from randomized control trials are scarce and there is no consensus regarding the optimal treatment (2, 8, 10, 11) . It has been shown that operative treatment in patients with displaced 3-and 4-part fractures leads to unpredictable results (2, 8, 10, 11) . Adverse outcomes include implant failure, screw perforation, pain, and restricted abduction (2, 8, 10, 11) . As a result, there is a need to further clarify the optimal intervention.
Objectives
In our parallel case-controlled retrospective study, we aimed to review our results of operative treatment of proximal humeral fractures compared to age-, sex, and fracture-type controlled conservative treatment. We studied matched retrospective cohorts of similar patients with similar fractures treated either operatively or nonoperatively to test the hypothesis that there is no significant difference in upper-extremity specific disability between patients treated with operative fixation and patients treated Copyright nonoperatively at final evaluation more than 6 months after injury. Our secondary null hypotheses were that there were no differences in pain intensity, satisfaction, normalized constant score, forward flexion, and abduction between cohorts. Finally, we analyzed factors associated with higher DASH scores, constant scores, pain intensity, and satisfaction.
Methods

Study Design
This was a retrospective case-control study to investigate differences in upper extremity specific disability between patients who were and were not operatively treated for a displaced proximal humerus fracture. Displacement was defined as displacement of 1 cm or 45°of angulation between two fragments. After approval by our institutional review board, we used our hospital's billing records to search the hospital PACS (picture archiving communications system) database for patients with displaced fractures of the proximal humerus. Adult (age 18 or greater), Dutch speaking patients with an isolated displaced fracture of the proximal humerus between January 2004 and August 2011 and at least 6 months of follow-up and complete demographic information were eligible. Exclusion criteria were: 1) major musculoskeletal (pathological fracture) or neurological comorbidities (e.g. Parkinson disease, multiple sclerosis,); 2) open fracture; 3) treatment with arthroplasty; 4) cognitive impairment (e.g. dementia, head injury, overall illness) and 5) patients with pathological fractures or associated upper limb injuries.
We identified 558 patients with fractures of the proximal humerus. Four hundred and twenty-six patients were treated nonoperatively and 132 had operative fixation, including 73 patients treated with arthroplasty. Patients that had surgery more than 30 days after injury were categorized as nonoperatively treated.
Characteristics of Patients with Operative Fixation
Fifty-nine of the 132 operatively treated patients satisfied the inclusion and exclusion criteria. Among the 59 patients, 8 patients were deceased, 11 patients declined, resulting in a cohort of 40 patients. Among these 40 operatively treated patients, 3 (2.3%) did not respond or could not be contacted after three written requests and three requests by phone, 4 patients could not be matched and, leaving a cohort of 33 patients available for the study.
Among these 33 patients there were 11 men and 22 women, with a mean age at follow-up of 59 ± 13 years. 
Matched Nonoperatively Treated Patients
Each patient treated with operative fixation was randomly matched with a patient treated nonoperatively according to age (within 5 years), sex, ASA-score, Neer fracture type (2, 3 or 4 part), and mechanism of injury. Thirtyeight patients, who were matched for each patient that had operative fixation, were asked to consider participation. One patient declined participation (2.7 %), 1 patient lived abroad (2.7%), and 3 (8.1%) patients did not respond or could not be contacted after three written and three phone requests.
The nonoperatively treated patients (n = 33) were evaluated a median of 5.8 (IQR: 4.1 -6.6) years after the injury. The nonoperatively treated patients differed significantly compared to the operative fixation cohort for the duration of follow-up (5.8 vs. 3.1 years). The nonoperative group contained 2 patients more with type -4 fractures than the operative fixation group (Table 1) .
Complications and Subsequent Procedures
Five patients (15%) in the operative cohort and two patients (6%) in the nonoperative cohort had an unplanned second operation within twelve months of fracture. The five surgeries in the operative cohort included one patient with a deep infection; one patient that had surgery to revise a loose plate and screws 4 months after the surgery; and one patient that had repeat internal fixation of a displaced lesser tuberosity fragment 3 months after the original surgery; one patient that had a hemiarthroplasty for pain and stiffness related to osteonecrosis of the humeral head 17 months after surgery; and one patient that had surgery to address a defect in the supraspinatus that was felt to be causing stiffness and pain.
The two reoperations in the nonoperative cohort were an arthroplasty to address recurrent shoulder dislocation in one patient, and open reduction and internal fixation of a displaced greater tuberosity fracture in the other.
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Evaluation
When patients returned for a research visit, informed consent was obtained. Patients were examined and asked to complete a survey. The evaluations were performed by 2 independent observers that were not involved in the care of the patients.
The patients were evaluated using the Constant score (including measurement of motion and strength) and they completed the DASH, SF-36, CES-D, and PCS questionnaires. To analyze pain intensity, we used the five-point Likert measure of pain intensity. Patients rated their satisfaction with the outcome dichotomously (satisfied or not satisfied).
The Constant score is a 10-item physician-reported outcome inventory. The Constant score assess the patient's shoulder function from 0 to 100. Score higher than 80 is rated as normal function, 70 -80 as moderate function, and lower than 70 implies poor upper extremity-specific function. For missing values, mean imputation was used (13, 14) . To determine the normalized Constant score the following formula was used: Normalized score = (Raw score/ Normal score) × 100. The normal score for the denominator of the equation was obtained from the normalized values published by Katolik et al. Range of motion was measured in a standardized fashion with a hand-held goniometer by two independent observers not involved in the patients' care. For patients with contralateral injuries, normative measurements adjusted for age and gender were used as control (15) . The muscle strength was measured with hand held weight, weighted 250 g each and compared with contralateral side. This measurement is recorded at 90°of abduction in the scapular plane. Patient who were unable to achieve the test position were assigned a strength score of 0.
The validated dutch form of the disabilities of the arm, shoulder and hand (DASH) questionnaire was used to assess upper extremity disability (16) . The DASH is comprised of 30 questions, which each is answered on a 5-point Likert scale. Scores range between zero and one hundred points, a higher score indicating worse upper extremity-specific disability and pain. Using this computed result a scale's scores were calculated, ranging from 0 (no disability) to 100 (most severe disability) (16) . To measure pain intensity we used question 24 of the DASH, which asks whether the patient has arm shoulder or hand pain during the last week.
The Dutch form of CES-D (CES-D-NL) was used to assess symptoms of depression in the past week (17) (18) (19) . The center for epidemiological studies-depression (CESD) scale is a self-reported scale designed to measure self-reported depression (20) . The questionnaire consists of 20 items associated with depression questions on a 4-point Likert Scale, ranging from "Rarely or none of the Time (Less than 1 day)" to "Most or all of the time (5-7 days)". Scores are summed to provide an overall score ranging from 0 to 60, with a higher score indicating greater symptoms of depression. For missing values mean imputation was used (20) .
The PCS was used to measure catastrophic thinking (18) . The questionnaire consists of 13 questions answered on a 5-point Likert Scale, ranging from (0) "not at all" to 4 "all the time". Scores range from 0 to 52, with a higher score implying more catastrophic thinking. For missing values mean imputation was used (18) .
The short form-36 health survey is a validated health survey (21) . This is comprised of eight scaled scores (vitality, physical function, bodily pain, general health perceptions, physical role-, emotional role-, social role functioning, and mental health). We used the physical and mental component summary ranging from 0 -100, with a higher score implying higher individual patients' health status.
Standardized anteroposterior and scapular Y radiographs of the injured shoulder were taken. The radiographs were evaluated by two independent observers (JND and SAS) for nonunion and fixation failure. The independent observers visited 5 patients, who were unable to visit the hospital, at home for clinical assessment (radiographs were not obtained in those 5 patients).
Statistical Analysis
Continuous data were checked for normality by use of the Shapiro-Wilk tests and presented as means with standard deviations (SD) when normally distributed, otherwise medians with interquartile ranges (IQR) were described. Mean imputation was used for 2 CESD-scores and one DASH that were not completed. Categorical data were described as frequencies with accompanying percentages. Comparisons of the patient characteristics between the treatment groups were made according to their distribution. In case of normality of continuous variables Student's t-tests were performed, otherwise nonparametric variants (the Mann-Whitney U tests) were used. For categorical data, Chi-square tests were performed. Due to skewed distributions and the ordinal character of the functional outcome measures (DASH, Constant score, and pain, respectively), analysis was performed nonparametrically (the Mann-Whitney U tests, and Kruskall-Wallis tests). Associations with other outcome measures were assessed by use of Spearman's correlation coefficients. Comparisons with respect to satisfaction were performed using the Chisquare or Fisher's exact tests (in case of expected counts less than 5). A P value less than 0.05 was considered statistically significant. The examination of differences between the operatively and nonoperatively treated patients was performed by a post-hoc analysis.
Results
Patients treated operatively had greater disability (a higher DASH score) on average compared to patients treated nonoperatively (8.3 (0.4; 22.1) vs. 19.0 (9.2; 37.9); P < 0.01) ( Table 2 ). There was a significant negative correlation of DASH with forward flexion (r = -0.73, P < 0.01) and abduction (r = -0.74, P < 0.01) (Tables 3 and 4 ). There were also significant associations between DASH and age, CES-D, PCS, reoperation, and ASA (Tables 3 and 4) .
The normalized Constant score was significantly higher in patients treated nonoperatively 89.0 (75.5; 98.0) compared to patients treated operatively (67.0 (40.0; 83.0); P < 0.01) ( Table 2) . Also, the Constant score was significantly correlated with forward flexion (r = 0.85, P = < 0.01) and abduction (r = 0.85, P = < 0.01) (Tables 3  and 4 ). There was also a significant association between Constant score and the CES-D, reoperation and the type of osteosynthesis (Tables 3 and 4) . 4 Arch Trauma Res. 2017; 6(1):e37423. Abbreviations: IQR, interquartile ranges; DASH, disabilities of arm, shoulder and hand; CESD, center for epidemiological studies-depression; PCS, the pain catastrophizing scale. Pain intensity averaged 1 (1.0; 2.8) after the operative fixation and 2 (1.0; 3.8) after the nonoperative treatment (P = 0.17) ( Table 2 ). There was a positive correlation between pain intensity and CESD and PCS, and a negative correlation with forward flexion and abduction. (Table 3 and 4) Patients treated nonoperatively were significantly more satisfied (28 of 33 patients; 85%) than patients treated with the operative fixation (19 of 33 patients; 58%) ( Table 2) . Dissatisfaction was significantly associated with reoperation, and decreased forward flexion and abduction (Table  3 and 4) .
The average forward flexion and abduction were both significantly greater in the nonoperative cohort. There were no significant differences in CESD, PCS, and SF-36 physical-and mental health summary scores between cohorts ( Table 2 ).
Discussion
This retrospective comparative study of age, sex, ASA and fracture type matched patients showed that nonoperatively treated patients had better functional outcomes than the operatively treated patients. Nonoperatively treated patients also scored better on pain intensity and satisfaction.
Arch Trauma Res. 2017; 6(1):e37423. 5 This study should be interpreted in the light of the fact that we matched by age, ASA, injury mechanism, and fracture type, but we did not account for functional demands and the activity level. In addition, the findings may not be specific to the practice style of the surgeons in other centers. Although the results showed a significant difference for our primary outcome, the post-hoc analysis showed a moderate power (0.51) and an effect size of 0.53. This inevitably raises the risk of obtaining a false positive (a Type I error). Another shortcoming is the difference in follow-up between both groups.
The finding that the nonoperatively treated patients have better outcomes than the operatively treated patients is in line with results of prior studies (2, 11). Zyto et al. performed a randomized study comparing nonoperative treatment versus tension-band osteosynthesis of displaced 3-or 4-part fractures of the humerus, which showed no significant difference at follow-up at 1, 3 and 5 years regarding functional differences between the two groups (2). Olerud et al. randomized elderly patients with displaced 3-part proximal humeral fractures to either internal fixation or nonoperative treatment and found no difference in mean flexion (11) . In another randomized control trial of hemiarthrosplasty compared to nonoperative treatment for displaced 4-part fractures of the proximal humerus demonstrated a significant advantage in quality of life among patients treated with arthroplasty, but no differences in motion (8) . More recently the PROFHER randomized clinical trial showed no superiority of surgical over nonsurgical treatment of adults with displaced fractures of the proximal humerus (4).
The association between psychosocial factors and physical outcome and pain intensity is in accordance with previously reported literature. However, it was less strong with impairment (lack of abduction) rather than symptoms of depression or catastrophic thinking accounting for more of the variation in magnitude of disability and pain intensity.
The complication rate of operative and nonoperative treatment of proximal humeral fractures found in this study is comparable with prior studies where the rate has varied from 7% to 34% (7, 11, 22, 23) . Konrad et al. felt that 40% of the complications were related to technical deficiencies (24) . In our series, 2 of the 5 patients that had a 6
Arch Trauma Res. 2017; 6(1):e37423.
second surgery (2 of 33 overall in the operative treated cohort) had insufficient fixation. The results of this study suggest that the trauma of operative treatment might, on average, be detrimental to patients with proximal humeral fractures compared to natural healing. It is certainly plausible that the work of cutting skin, splitting muscle and applying plates could impair the physical function, add complications, and affect symptoms, disability, and satisfaction. In our opinion, there are likely some patients with proximal humeral fractures who will benefit from surgery and the key is to learn how to identify these fractures.
The prospective randomized study is needed to rule out the bias of the treating trauma surgeon in selecting patients for operative treatment as well as conservative treatment.
